In this paper, an integrated production and transportation scheduling model is proposed. This model is based on multi-item capacitated lot sizing and facility location type models. The objective of the integrated model is to minimize the total production and transportation cost. The integrated model is solved by Lagrangian decomposition method and the decomposed two sub-problems can be solved by genetic algorithm and Simplex method respectively. Computational results showed that the overall cost is reduced by 4% to 10% compared with the other two sequential optimization algorithms.
INTRODUCTION
Main cost factors within a supply chain may be classified as production, transportation and inventory costs. The composition of these costs relative to total cost varies dramatically across different industries. However, production cost is the largest of all in most of the industries, followed by transportation and inventory costs [1] . In most industries, a production plan is first developed, followed by a transportation plan made by either a transportation department within the company or a third party transportation provider who adheres to an established shipping plan aiming at reducing only transportation cost. Transition between the two functions relies on inventory buffers of different forms. The extent to which the transportation cost is considered in the production plan does not go beyond a simple evaluation of a few transportation channels. Parallel to industry practice, researchers in academia have approached the two problems separately. There has been an enormous body of research on production planning models and in specific, on lotsizing models. The main trade-off considered here is between the inventory carrying and setup costs. Transportation planning is often considered together with location of facilities and is referred to as a facility location problem. For a general discussion and solution algorithms of this problem, interested reader is referred to [2] [3] .
Traditionally, production and transportation functions are separated using large warehouse buffers. Each function only optimizes its local objective without considering the impact on the complete supply chain. Total supply chain cost is thus greater than what could be achieved through coordination. This lack of coordination occurs because of the conflicting objectives and the lack of information. Taking advantage of current supply chain management and information technologies, companies can explore some closer coordination between production and transportation.
In a broad sense, we can state our problem as the integration of production and transportation planning functions in a supply chain environment so as to minimize the overall cost over these two functions. To study the main trade-off between production and transportation scheduling decisions, we will investigate means of integrating decisions characterized by multi-item capacitated lot sizing and facility location type models. This paper makes two primary contributions that essentially differentiate our work from past literature. First, we propose new models for both parts of the problems that are tailored to an integrated decision-making model. Second, we link the two models by material flow variables and a Lagrangian decomposition approach is used for the solution of the integrated problem.
PRODUCTION SCHEDULING MODEL

Multi-item Capacitated Lot Sizing Problem
The solution to Multi-item Capacitated Lot Sizing Problem (MICLSP) [4] is to determine a production plan (lot size) for one or more product items over a finite horizon of discrete time periods. In this problem, several items are produced in a capacity-constrained plant. The demand for each item in a period at each customer is known. A single warehouse is used as a buffer to satisfy various customer demands. The objective is to find a minimum-cost production plan which satisfies all demand requirements without exceeding capacity limits.
Conventional lot sizing models in the literature do not involve material flows among product locations (from plants to warehouses and from warehouses to customers) in a supply chain. Also, these models do not consider the number of plants and warehouses. Delivery of goods is generally assumed to be instantaneous from one plant to a single warehouse. In our definition of the problem, we incorporate the number of plants and warehouses as parameters and material flows as variables into the model.
Problem Formulation
Indices:
l number of plants Then the problem can be formulated as the follows.
The objective function is to minimize the sum of setup and holding costs. Constraint (1) is a production capacity constraint. Constraint (2) is a warehouse capacity constraint that guarantees each of the warehouse capacities is not exceeded. Constraint (3) ensures that the demand for each product by every customer is equal to the amount being shipped from the warehouses to this customer. Constraint (4) is the inventory balance constraint. This production planning model is based on material flow variables from the plants to the warehouses and from the warehouses to the customers. This important feature distinguishes our model from other models that exist in the literature and makes it possible to link the production and transportation models. A material flow variable is the amount of an item transported from one location to another in a given period. In almost all lot size models, the material flow variables do not exist because they deal with only one plant and one warehouse. We release this assumption and therefore we have to capture the inventory flow of each item in the system defined by the material flow variables. This addition enhances our production planning model to be more general than existing models.
Heuristic Genetic Algorithm
Solving MICLSP for an optimum solution is known to be NP-hard [5] . Hence, there are only a few attempts to find the optimum solution. Many researchers have developed heuristics instead [4] [5] [6] [7] . Recently, a lot of researchers studied the applications of genetic algorithm (GA) for solving lot-sizing problems [8] [9] [10] [11] [12] . Numerical results obtained using these methods show that GA is an effective approach to deal with lot-sizing problems. Xie [12] proposed a heuristic genetic algorithm for general capacitated lot-sizing problems and compared it with SA (simulated annealing [7] ), TS (tabu search [7] ), and LR (Lagrangian relaxation [6] ). Examination of the results showed that the solutions obtained by this algorithm are much better than that of SA and TS in approximately the same computing time, and the algorithm obtained similar solutions to LR in much less time. In this section, we propose a heuristic genetic algorithm to solve our problem.
Denote the population size as MAXPOP (assume to be an even number) and the maximum iterations (i.e. maximum generations) as MAXGEN. The m-th individual in g-th generation/iteration is encoded as following:
We can firstly determine ljkt U and jikt N from lkt Y without considering the capacity constraints and take this lot-size plan as an initial plan, which will be further modified by considering the capacity constraints. In this paper, we will modify this initial lot-size plan by "shifting" techniques [13] that have been widely used in the heuristics for the lotsizing problems. The shifting procedure goes successively from period T downto 1. While a capacity violation occurs in some period, move the excess production of one or more items in this period to the preceding period to satisfy the capacity constraints. If the violation occurs in period 1, we will discard this solution. When the moving processes are finished, the modified lot-size plan becomes a feasible plan with respect to all capacity constraints. The detailed heuristic genetic algorithm is described as follows:
Step2. If g = MAXGEN , print the solution and stop.
Step3. For each
Step 3.2. Eliminate the capacity-infeasibility for all the items by the shifting procedure. In period t (from T downto
, then move part of the production quantity of item k in period t backwards to period t-1 and the moved quantity is
. After this movement, the production quantity of item k in period t-1 is
, we need assign these material flows to warehouses and minimize the total holding cost. We start with the "best" warehouse (with least holding cost jkt hc ).
If its residual capacity for product k can satisfy the
be its residual capacity and continue to use the same method to examine the next "best" warehouse until the production of item k is fulfilled. Repeat this step until all the productions are examined. be its available quantity and continue to use the same method to examine the next "best" warehouse until the demand for product k is fulfilled. Repeat this step until all the items in period t are examined.
Step 3.5. 
Step4.3. (Mutation)
If the mutation probability is m p , then after the mutation, 
Step4.5. Add the new two individuals to the set newpop . Step4.6. If all MAXPOP individuals are produced, then go to step5; otherwise go to Step4.2.
, and go to Step2.
TRANSTPORTATION SCHEDULING MODEL
Our transportation scheduling model is similar to the one presented in [2] . The main differences between them are: i) In our model, the locations of warehouses and plants are fixed and the objective is to find optimized material flows; ii) In transportation planning problem, decision makers may change their decisions after some periods of time according to the changes in production cost, transportation cost, customer demands, etc. Thus we incorporate time period in our transportation planning model.
Problem Formulation
The problem can be formulated as follows:
The first term in the objective function represents the transportation cost between plants and warehouses. The second term represents the transportation cost between warehouses and customers. Constraints (5) and (6) are production and warehouse capacity constraints. Constraint (7) ensures the demand for each product of every customer is equal to the amount being shipped from the warehouses to the customer in period t. This is a standard integer linear programming problem. For a small or medium size problem, we can use Simplex method to solve it efficiently.
INTEGRATED MODEL
These two production and transportation scheduling problems can be solved in a sequential manner. We can first solve the transportation planning problem and feed the resulting material flow solutions to the production planning problem. As a result we get a complete solution consisting of production and transportation plans. It will provide an upper bound to the optimum solution of the integrated model since it is just a feasible solution. But there might exist another solution which is better in terms of total cost. To find an optimized solution to integrated problem, it is necessary to consider the cost factors of both models simultaneously. We define the following notations:
Objective function of production scheduling model We define the integrated problem P as follows:
Problem P :
Our aim is to decompose this large model into production and transportation sub-problems. The last two equalities are the coupling constraints to which we apply Lagrangian relaxation to get the decomposed model as follows:
It can be decomposed into the following two sub-problems:
We can solve these two sub-problems separately by genetic algorithm and Simplex method proposed in previous sections and then use subgradient search algorithm [14] to find the optimized result.
COMPUTATIONAL EXPERIMENTS
The algorithm is programmed with C++ running under PIII 1GH Z PC. We have conducted a test to investigate the impact of the control parameters on the performance of our algorithm. We set population size ( 
). The crossover probabilities between 0.6 to 1.0 and the mutation probabilities between 0.005 and 0.033 give no significant difference in terms of the total cost. But the mutation probabilities less than 0.005 show worse total cost performance. In addition to these control parameters, the elitist strategy can enhance the performance significantly and is incorporated into the algorithm.
The computation times on solving the integrated model using subgradient optimization method are shown in the We compared the computational results of our subgradient algorithm with another two sequential algorithms: P->T and T->P. The P->T algorithm solves the production planning problem and feeds the optimized variables (N1 and U1) into transportation planning problem to calculate the total cost. The T->P algorithm solves the transportation planning problem and feeds the optimized variables (N2 and U2) into production planning problem to calculate the total cost. Using the cost computed by our subgradient algorithm as a norm, the relative costs of the other two algorithms are computed and shown in Table 2 . Computational results showed that the overall cost in our integrated model with subgradient optimization algorithm is lower than these two algorithms. The gain is between 4% and 10% if our algorithm is applied. Also, the T->P algorithm can usually get less overall cost than that got from P->T algorithm.
Plants Warehouses Customers Products Periods P->T T->P  3  3  5  2  5  106 104  5  8  10  2  5  110 106  10  15  20  2  10  108 104  15  20  25  3  10  105 105   Table 2 Overall relative costs to integrated model
The production cost and transportation cost of these three methods are shown in Table 3 and 4. In Table 3 , we can see that the transportation cost of the integrated model is very close to that got from T->P method. That means even in the trade-off between production and transportation cost, our integrated model with proposed algorithm can still get near optimal transportation cost. But the production cost of our model is a little greater than that got from P->T method, showed by Table 4 . So our integrated model cannot help the manufactures to reduce much production cost only from production optimization perspective. But the transportation department would benefit much through our integrated model and the overall cost can also be reduced. Periods P->T T->P  3  3  5  2  5  114 99  5  8  10  2  5  112 100  10  15  20  2  10  113 99  15  20  25  3  10  110 99   Table 3 Relative transportation cost to integrated model Plants Warehouses Customers Products Periods P->T T->P  3  3  5  2  5  96 104  5  8  10  2  5  98 107  10  15  20  2  10  97 104  15  20  25  3  10  97 106   Table 4 Relative production cost to integrated model
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CONCLUTION
In this paper we proposed an integrated production and transportation scheduling model with material flow links. We developed a Lagrangian based approach to solve the integrated model. This model, together with the effective solution procedures, can provide decision makers with an efficient tool to their coordinate production and transportation functions. Computational results are reported and these results indicate that our algorithm can efficiently help decision makers to reduce the total production and transportation cost.
